Criterion validity was moderate to high. All ten predefined hypotheses for hypothesis testing were confirmed. The six hypotheses for responsiveness testing were confirmed. The effect size was 1.8, the standardized response mean was 1.9, the and minimal clinically important difference was 13.9 points.The Swedish version of the IKDC-SKF had good measurement properties and can be recommended for use in a population of ACL-deficient patients undergoing ACL reconstruction.
knee-specific, patient-reported outcome that measures symptoms, function, and physical activity. Answers are provided in a five-point Likert scale (item 1, 4, 5, 7-17), 0-10 rating scale (item 2, 3, 18, 19) , and dichotomous (item 6). The possible score ranging from 0 to 100 (calculated on 18 items as item 19 refers to knee function before injury), with a higher score indicating less symptoms, better function, and a higher level of sports activity. 2 The IKDC-SKF has been translated from the original English version to several languages, and the versions that meet the standards for translation process can be found at the webpage of the American Orthopaedic Society for Sports Medicine: www.sportsmed.org. The measurement properties of the original version of the IKDC-SKF have been tested extensively and showed to be good, 3 but measurement properties of the Swedish version of the IKDC-SKF have not been established. The aim of this study was to perform translational and cross-cultural adaption for the Swedish version of the IKDC-SKF and to test the validity, reliability, responsiveness, and interpretability (floor and ceiling effect and Minimal Clinical Important Difference) of the IKDC-SKF in patients with an ACL injury undergoing reconstruction surgery, from before reconstruction to up to 1-year follow-up.
| MATERIAL AND METHODS

| Translation procedure
The translation of the IKDC was completed according to the guidelines by Guillemin et al. 4 In the assessment of the measurement properties of the Swedish version of the IKDC, we followed the COnsensus-based Standards for the selection of health Measurement INstruments (COSMIN) guidelines, and the taxonomy, terminology, and definitions for measurement properties developed by the COSMIN group. 5, 6 The English version was first translated to Swedish by a physiotherapist and researcher experienced in ACL rehabilitation. The accordance of the translations was examined by two physiotherapist researchers and then translated back to English by a professional translator. The back-translation was compared to the original version, by the three physiotherapist researchers, to ensure consistency. An expert panel from different locations in Sweden consisting of two orthopedic surgeons who perform the majority of the ACL reconstructions in Sweden and four research physiotherapists experienced in knee injuries and experienced in writing in English, examined the Swedish version, and commented on it. Comments on the translation were discussed thoroughly with other orthopedic surgeons and physiotherapists as well as with the developer of IKDC-SKF. The Swedish version of the IKDC-SKF was discussed in the expert panel before consensus was reached.
| Cross-cultural adaption
Two cultural adaptions were made: (a) "basketball" was changed to "handball or floorball," because these sports are more common in Sweden; (b) the term "skiing" was clarified to "alpine skiing," to distinguish it from cross-country skiing.
| Face validity testing
Ten patients with an ACL injury (age ranging from 17 to 38 years, five females) tested the Swedish and English version of the IKDC-SKF. All participants were active in sports before injury, and nine were active in sport or rehabilitation at the time of completing IKDC-SKF. Six patients had had an ACL reconstruction and four had not. The first five patients were interviewed after filling out the questionnaire, and their opinions lead to minor changes in the form (how the term "pivoting" and "giving way" should be translated into Swedish). The remaining five patients were asked whether they thought the questions in the Swedish version corresponded to the questions in the English version of the IKDC-SKF. All patients stated that the versions were similar and that the questions were relevant. The scores the patients showed on the Swedish and English forms were coherent.
The translation and cross-cultural adaption process together with face validity testing resulted in the final Swedish version of the IKDC-SKF.
| Data collection
Patients with an ACL injury, aged 16-45 years old, and who had been wait-listed for an ACL reconstruction, were invited to participate during January 2012 to August 2013. They were recruited from four different orthopedic clinics in Sweden.
Questionnaires were sent to the participants approximately 4 weeks prior to their surgery, for baseline measurement. Participants could choose between answering the questionnaires on paper and return in a prepaid envelope or log into a web-based system to complete an electronic version of the questionnaire. The questionnaire was sent again at 4, 6, and 12 months after surgery. For reliability testing, the form was sent again 5 days after the 6 months follow-up, to participants that completed the questionnaire at 6 months. Reminders were sent after 3 and 6 days to participants who had not responded.
Additionally, participants from the Swedish National ACL register who had undergone an ACL reconstruction 8 months earlier were asked to participate by filling out the questionnaire and sending it back in a prepaid envelope.
| Participants recruited from orthopedic clinics
A total of 179 patients who were on the waiting list for ACL reconstruction were asked to participate. Seventy-six patients (42%) accepted ( Table 1 ). The mean age of participants was 25 years (SD 8, range 16-45 years), and there was equal numbers of men and women (37 of 76 were female, 49%). Six patients (6 of 76, 8%) had a revision of ACL reconstruction. One participant was excluded from baseline evaluation, two were excluded from 4-month evaluation group, and one was excluded from 12-month evaluation group due to the omission of three or more items of the IKDC. The majority of patients (72 of 76, 95%) reported that they were physically active before their ACL injury. | TIGERSTRAND GREVNERTS ET Al.
| Participants recruited from the
Swedish National ACL registry
All patients from the Swedish National ACL Registry who were asked to participate had undergone primary ACL reconstruction at a mean of 8 months earlier. Of 514 eligible patients, 203 (39%) agreed to participate. There were 102 men (50%), with a mean age of 24 years (SD 9 years, range 15-45 years). Four participants (2% of 203) were excluded due to omission of three or more items of the IKDC-SKF. Twentyone participants (10% of 203) had had a previous contralateral ACL reconstruction. The majority reported that they were physically active before injury (195 of 203, 96%) and at the time of completing the IKDC-SKF (189 of 203, 93%).
| Questionnaire package
The questionnaire package contained the IKDC-SKF, the knee injury, and osteoarthritis outcome score (KOOS), 7 the short form 36 health survey questionnaire (SF-36), [8] [9] [10] the ACL return to sport after injury scale (ACL-RSI) 11 (Table 2) , and a global rating of change (GRC) question 12 with response options "fully recovered," "great improvement but not fully recovered," "some improvement but not fully recovered," "unchanged," "some deterioration," "great deterioration." Some study-specific questions were used to evaluate satisfaction with knee function ("If you were to spend the rest of your life with knee function just the way it has been the last week, would you feel…"; response options: happy, satisfied, mostly satisfied, mixed feelings, mostly dissatisfied, dissatisfied, and unhappy) and knee stability ("how stable do you consider your knee in activities of daily living" and "how stable do you consider your knee in exercise and sports" response options in a 10-point scale). Data from Swedish National ACL Registry population and patients from the clinics at 6 months after reconstruction were merged in the analysis of internal consistency, structural validity, and criterion validity. Data from patients recruited from clinics were used for the reliability testing, using measurements taken at 6-month follow-up and again 5-21 days later. For responsiveness hypothesis, testing the change score from baseline and 4 months and from baseline and 12 months was used. Minimal clinically important difference (MCID) was assessed with the baseline and 4-month follow-up data. Floor and ceiling effects were evaluated at all measurement occasions. Number of days prior to ACL reconstruction for the Baseline evaluation, and number of days after the ACL reconstruction for all the other measurement occasions. b Participants recruited from orthopedic clinics (n=46) and the Swedish National Registry (n=203). All participants got written and verbal information of the study and gave their written consent to participate before study initiation. The study was approved by the Ethical Review Board in Linkoping, Dnr: 2011 450-31.
T A B L E 1 The IKDC results and timing of each measurement
Measurement occasion n
T A B L E 2
| Measurement properties that were evaluated: Reliability
| Internal consistency
Internal consistency is the extent to which items in a questionnaire are correlated, thus measuring the same concept. 6 A Cronbach′s alpha value between 0.7 and 0.95 is considered to show good internal consistency. 
| Test-retest reliability
Test-retest reliability is the extent to which scores are the same across repeated measurements in patients whose health status has not changed. 6 The time from test to retest (5-21 days) was chosen to minimize the risk for patients to have a change in symptoms between measures, but were still long enough for them not to recall their previous answers. Forty-one patients filled out the form for test-retest analysis; responses from 13 patients were excluded because there was more than 21 days between measurement occasions, to avoid changes in their physical knee condition. Therefore, data from 28 patients were included in the analysis and they scored an IKDC-SKF mean of 60 (SD 17.6, 95% confidence interval 53.1-66.7) at the first measurement and 63 (SD 17.8, 95% confidence interval 56.1-69.9) at the retest measure. None of the included patients reported new injury that affected their knee during the time between tests. Test-retest reliability was assessed with a two-way random intraclass correlation coefficient (ICC 2,1 ) for absolute agreement. An ICC value of >0.9 was considered to reflect excellent test-retest reliability. 
| Measurement error
Standard error of measurement (SEM) with included systematic differences was calculated using the change score from 6 months to reliability testing measures, with the formula: SD diff /√2. 15 The smallest detectable change (SDC) was calculated for both individuals (SDC ind =1.96x√2×SEM) and groups (SDC group =SDC ind /√n).
13,16
2.9 | Measurement properties that were evaluated: Validity
| Structural validity
Structural validity is the extent to which the items of a scale fit together and reflect the construct that is being measured.
13
Structural validity was assessed with an exploratory factor analysis using a principal component model and varimax rotation.
| Criterion validity
Criterion validity is the extent to which the scores of the measurement instrument examined correlate to the score of a gold standard. 13 Criterion validity was tested using short form 36 (SF36) as a gold standard. We hypothesized that the IKDC-SKF would correlate more strongly (r>.5) to the physical component summary (PCS) of the SF36 than to the mental component summary (MCS) (r<.5).
| Hypothesis testing
Hypothesis testing is part of testing construct validity. Confirmation of 75% hypotheses is considered to reflect good hypothesis testing as a measurement property.
13
Ten predefined hypotheses were specified by the authors, all with the predefined hypothesized magnitude of r>.5. The hypotheses were tested with Pearson's correlation test or Spearman's rho correlation test as appropriate.
| Measurement properties that were evaluated: Responsiveness
Responsiveness is the ability of an outcome measure to detect change over time in the construct being measured. 6 Responsiveness was tested with both a criterion and construct approach. 
| Criterion approach
We used the GRC as a gold criterion, with the answers dichotomized to either "no change" or "improved" compared to baseline. For the "no change" group, we included patients who reported "unchanged" or "some improvement but not fully recovered" on the GRC. For the "improved group," we included patients who reported "great improvement but not fully recovered" or "fully recovered" on the GRC. 17 We used the change of IKDC-SKF and GRC score from baseline to 4 months to test responsiveness. At that time, we would expect some patients to be significantly improved in condition and some not, and we considered it was sufficient time for patients to recall whether a change in function had occurred. A receiver operating characteristics (ROC) curve was plotted with the sensitivity and specificity for each possible change in score, and the area under the curve (AUC) was used to interpret the possibility for the IKDC-SKF to detect change in the patient-reported outcome. An AUC of >0.70 is considered adequate.
| TIGERSTRAND GREVNERTS ET Al.
| Construct approach
We tested the correlations between IKDC-SKF change score to the change score of the five subscales of KOOS and the PCS of SF36. We used the change scores from baseline to 4 months and to evaluate responsiveness for a longer followup time-frame, from baseline to 12 months. The time intervals were chosen as it was considered sufficient time for patients to be changed in their condition, compared to baseline. The effect size (ES) and standardized response mean (SRM) were calculated for change from before reconstruction to 12 months after, using the mean change scores divided by the standard deviation of scores from before reconstruction for ES, and mean change scores divided by the standard deviation of the change of scores for SRM. 17 
| Measurement properties that were evaluated: Interpretability
Interpretability is not considered a measurement property, but regarded as important for the interpretation of the score. To evaluate interpretability, we examined two aspects: (a) floor and ceiling effect (0 and 100 points score, respectively), where below 15% for either was considered acceptable 13 and (b) minimal clinically important difference (MCID). MCID was determined by analyzing the ROC curve from responsiveness testing with data from 4 months. The score that was the closest to the left upper corner in the curve was taken as the value on the IKDC-SKF that, at 4 months after ACL reconstruction, best distinguished a patient who reported improvement from a patient who reported no change. This value corresponds to the highest sensitivity and specificity. We used the Youden index 18, 19 to calculate the value of MCID.
| Statistical analyses
All analyses were performed using SPSS version 22 (SPSS IBM Corp. Armonk, NY, USA). The IKDC-SKF data from each measurement occasion were handled in accordance with recommendations for scores, where up to two items missing are acceptable. Total scores for the IKDC-SKF were calculated using the equation (sum of the completed items)/(maximum possible sum of the completed items)*100, which gives a score from 0 to 100.
| RESULTS
| Reliability
Internal consistency was good; 0. 
| Criterion validity
There was a positive correlation between IKDC-SKF and the SF36. The correlation between the IKDC-SKF and the PCS was high, r=.73 (P<.001). There was a weak correlation between the IKDC-SKF and the MCS r=.32 (P<.001), confirming the hypothesis for criterion validity.
| Hypothesis testing
All hypotheses were confirmed (Table 3 ).
| Responsiveness
The IKDC-SKF change score from baseline to 4 months was positively correlated with the GRC question (r=.62, P<0.01). Twenty-three participants were dichotomized to the "improved" group and 24 to the "not improved" group (Table 4) . There were no patients reporting "fully recovered" or "unchanged." The ROC analysis showed an AUC of 0.79 (Figure 1) . Patients who reported "great improvement but not fully recovered" on the GRC had a mean change in IKDC-SKF from baseline to 4 months of 16.2 points of the IKDC-SKF (Table 4) .
Correlations between change in score from baseline to 4 months and baseline to 12 months showed a correlation greater than 0.5 for all hypotheses, thus confirming them all ( Table 5) .
The effect size of the change from baseline to 12 months was 1.8, and standardized response mean was 1.9.
| Interpretability
There was 1% ceiling effect at 6 and 8 months and 2% ceiling effect at 12 months. The other measurement occasions showed no floor or ceiling effect.
The MCID calculated with score from 4 months was 13.9 points, with a sensitivity of 65.2% and a specificity of 95.5% (Figure 1 ).
| DISCUSSION
The Swedish version of the IKDC-SKF was shown to be reliable, valid and responsive to change in patients with an ACL injury undergoing ACL reconstruction. We followed the COSMIN guidelines, 5, 6 and the questionnaire was translated and adapted to Swedish in several steps including forward and backwards translation, expert committee review, and pretesting as recommended. 4 The cross-cultural changes made ("basketball" was changed to "handball or floorball," "skiing" was clarified to "alpine skiing") were similar to cultural adaptions made in the Brazilian translation processes, where "skiing" was replaced with "surfing". 20 Patients who completed both the Swedish and English version of the IKDC-SKF found both versions equivalent, which was supported by the equality of scores for both questionnaires. The IKDC-SKF has a relatively low number of items compared to other similar forms (e.g., KOOS which has 42 items) and high internal consistency (Cronbach′s alpha 0.90), suggesting that there is limited redundancy in the scale. The high test-retest reliability (ICC 2,1 =0.92) is in accordance with previous studies on the English version. 2, 21, 22 The SEM value (5.7 points) is comparable to previous studies, 2, 23, 24 and the SDC ind of 15.8 points indicates that a change in score in an individual patient should be above 15.8 points to be sure of a true change in condition. The result of SDC ind is similar to the MCID (13.9 points), and although the values are taken from different times after ACL reconstruction (the SDC is from the reliability testing 6 months after reconstruction, and MCIC is the change value from baseline to 4 months after reconstruction), it might indicate an approximate magnitude of change of score needed to consider the change both "real" (not due to measurement error) and meaningful. The SDC group for a group of patients is much lower than the SDC ind , that is, 2.4 points and is often the value used in research, where individual comparisons are less common. The discrepancy between the SDC group and MCID may suggest that even though a change has occurred in a group, it might not be enough to reflect change in condition for the individual patient. The value of MCID is debated and should be interpreted carefully as it is not a fixed attribute; it may change depending on what is important for the patient. 25 The MCID could also be a reflection of the patient's satisfaction with his or her current knee function rather than the change from baseline, as it can be difficult for patients to recall change over time.
26
The time-frame is important when determining MCID, as it should be long enough for a clinically importantly changed to have occurred, but short enough for patients to remember if there has been a change or not.
The single factor solution from the analysis for structural validity indicates that the form is one dimension and supports previous suggestions that the IKDC-SKF should be reported as one overall score. 2, 22, 27 In our study, all questions had factor loadings of >0.4, except item #6 ("for the past 4 weeks has your knee locked or caught?"). Previous studies 2, 22, 28 which also have reported a lower loading for item #6 performed their factor analysis in a population with "various knee disorders."
The population in our study includes patients at 6-8 months after ACL reconstruction, where "locking" or "catching" is not typically a problem (in contrast to meniscal injuries). The lower loading value of item #6 might suggest that this item may be less relevant for an ACL reconstruction population, something that is supported by the fact that item #6 was rated as not relevant by experts in the field and patients with an acute ACL injury. 24 In addition, as previous studies of the measurement properties of the IKDC-SKF generally show a low loading value for item #6, it might suggest that the question does not entirely reflect the same construct as the remaining 17 questions. The highest correlation at hypothesis testing was between the IKDC-SKF and the KOOS subscale "function, sports, and recreational activities." This fits with the fact that the IKDC-SKF is designed to evaluate patient-reported symptoms during physical activity. Overall, the correlation to KOOS subscales was high, compared to the correlation to ACL-RSI or the question of satisfaction with knee function. Taken together, these findings might suggest that the IKDC-SKF and KOOS measure similar constructs. When comparing the two questionnaires, the IKDC-SKF has less respondent burden than the KOOS and has a simple method for calculation of the total score. Previous studies indicate that IKDC-SKF may have superior validity, reliability, and responsiveness than KOOS early after ACL injury, after ACL reconstruction, and before or after meniscal surgery. 26, 27 The IKDC-SKF is responsive when measuring patientreported changes over time in the rehabilitation process after an ACL reconstruction. This is evident in the value of AUC, the confirmed hypothesis for construct testing, the high effect size, and high standardized response means. The result of our responsiveness testing supports previous reports of good responsiveness. 23, 24 The floor and ceiling effect was below 15%, which is in line with previous studies. 
| Limitations
One limitation could be the use of the SF36 as a gold standard to IKDC-SKF, as the SF36 is not a knee injury-specific questionnaire. However, it may be difficult to find an optimal gold standard for patient-reported outcomes. Often the gold standard used is one that has been accepted as a gold standard by experts in the field. 17 Our decision to use the SF36 as gold standard for construct validity was based on the fact that the SF36 was used as the criterion in the original version of the IKDC-SKF. 2 Our decision to include patients who were "somewhat improved but not fully recovered" in "no change" group for responsiveness analysis (ROC curve) was based on the fact that patients might overestimate their progress to "please" the caregivers. 17 It was corroborated by the fact that those who reported "somewhat improved but not fully recovered" had a lower mean change score of the IKDC-SKF from baseline to 4 months than the SDC group value or the MCID, suggesting that there was no clinically significant improvement in state.
| Perspective
The IKDC-SKF is the most commonly used patient-reported outcome after ACL injury. 1 Our study adds knowledge about the measurement properties of the IKDC-SKF: We found that the Swedish version of the IKDC-SKF is valid, reliable, and responsive. We also provide important information about the interpretability of the scale; the MCID and floor and ceiling effect both before ACL reconstruction and at several clinically relevant time points during ACL reconstruction rehabilitation. The use of a well-designed patient reported outcome measurement instrument leads to extended possibilities to compare scientific data worldwide and is important for quality clinical practice.
| CONCLUSION
The Swedish version of the IKDC-SKF had good measurement properties in a population of ACL deficient patients undergoing ACL reconstruction.
